BACKGROUND: Neutrophils are the most abundant white blood cells found in the amniotic cavity of women with intraamniotic infection and/or inflammation. The current belief is that these neutrophils are of fetal origin. However, abundant neutrophils have been found in the amniotic fluid of women with a severe acute maternal inflammatory response but without a severe fetal inflammatory response in the placenta, suggesting that these innate immune cells can also be of maternal origin or a mixture of both fetal and maternal neutrophils. OBJECTIVE: We sought to investigate the origin of amniotic fluid neutrophils from women with intraamniotic infection and/or inflammation and to correlate these findings with acute histologic maternal and fetal inflammatory responses in the placenta. STUDY DESIGN: Amniotic fluid was collected from 15 women with suspected intraamniotic infection and/or inflammation (positive microbiological cultures and/or interleukin-6 concentrations !2.6 ng/mL). Amniotic fluid neutrophils were purified by fluorescence-activated cell sorting, DNA was extracted, and DNA fingerprinting was performed. DNA fingerprinting was also performed in the umbilical cord and maternal blood DNA. Fluorescence in situ hybridization was assayed in women with male neonates. Blinded placental histopathological evaluations were conducted. RESULTS: First, DNA fingerprinting revealed that 43% (6/14) of women who underwent a single amniocentesis had mostly fetal neutrophils in the amniotic fluid. Second, DNA fingerprinting showed that 36% (5/14) of the women who underwent a single amniocentesis had predominantly maternal neutrophils in the amniotic fluid. Third, DNA fingerprinting indicated that 21% (3/14) of the women who underwent a single amniocentesis had an evident mixture of fetal and maternal neutrophils in the amniotic fluid. Fourth, DNA fingerprinting revealed that a woman who underwent 2 amniocenteses (patient 15) had fetal neutrophils first, and as infection progressed, abundant maternal neutrophils invaded the amniotic cavity. Fifth, fluorescence in situ hybridization confirmed DNA fingerprinting results by showing that both fetal and maternal neutrophils were present in the amniotic fluid. Sixth, most of the women who had predominantly amniotic fluid neutrophils of fetal origin at the time of collection delivered extremely preterm neonates (71% [5/7]). Seventh, all of the women who had predominantly amniotic fluid neutrophils of maternal origin at the time of collection delivered term or late preterm neonates (100% [6/6]). Eighth, 2 of the women who had an evident mixture of fetal and maternal neutrophils in the amniotic fluid at the time of collection delivered extremely preterm neonates (67% [2/3]), and the third woman delivered a term neonate (33% [1/3]). Finally, most of the women included in this study presented acute maternal and fetal inflammatory responses in the placenta (87% [13/15]). CONCLUSION: Amniotic fluid neutrophils can be either predominantly of fetal or maternal origin, or a mixture of both fetal and maternal origin, in women with intraamniotic infection and/or inflammation. The findings herein provide evidence that both fetal and maternal neutrophils can invade the amniotic cavity, suggesting that both the fetus and the mother participate in the host defense mechanisms against intraamniotic infection.
Introduction
The current belief is that the amniotic fluid is sterile under normal circumstances; yet, it contains antimicrobial properties, a low number of white blood cells (WBC) (ie, leukocytes), and proteins implicated in fetal host defense mechanisms. [1] [2] [3] [4] [5] [6] [7] In women with intraamniotic inflammation, however, leukocytes are abundant in the amniotic cavity, [8] [9] [10] [11] [12] [13] and their presence is accompanied by increased concentrations of inflammatory mediators such as antimicrobial peptides, [14] [15] [16] [17] [18] cytokines, [19] [20] [21] and lipids. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] This inflammatory process in the amniotic cavity can be initiated by microorganisms (ie, intraamniotic infection) or danger signals derived from necrosis or cellular stress (ie, sterile intraamniotic inflammation). [34] [35] [36] [37] [38] [39] In both conditions, the most abundant leukocytes in the amniotic cavity are the neutrophils. 8, 13 Amniotic fluid neutrophils are a part of the innate immune host defense mechanisms that take place in the amniotic cavity of women with intraamniotic infection. [40] [41] [42] This concept is supported by evidence demonstrating that amniotic fluid neutrophils: (1) are a source of antimicrobial products 17, 18, [43] [44] [45] and cytokines; 13 (2) can trap and kill bacteria invading the amniotic cavity by forming neutrophil extracellular traps; 46 and (3) can phagocytize microorganisms commonly found in the lower genital tract, eg, Streptococcus agalactiae (also known as group B streptococcus), Ureaplasma urealyticum, Gardnerella vaginalis, and Escherichia coli. 
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Amniotic fluid neutrophils were initially thought to be of maternal origin. 48 Yet, experimental evidence showed that amniotic fluid neutrophils from women 49 or rhesus monkeys 50 undergoing preterm labor were of fetal origin. In such cases, these innate immune cells could originate from the fetal vessels of the chorionic plate. 51 However, abundant neutrophils have also been observed in the amniotic fluid of women with a severe maternal inflammatory response but without a severe fetal inflammatory response in the placenta, 13, 46 indicating that further research is required to investigate whether amniotic fluid neutrophils could also be of maternal origin or a mixture of both fetal and maternal neutrophils.
Fluorescence in situ hybridization (FISH) has been used to determine the origin of neutrophils infiltrating the amniotic cavity 49 or chorioamniotic membranes. 52 However, this technique is semiquantitative and does not offer the complete assessment of chromosomal complement. 53 Short tandem repeat (STR) DNA profiling, also known as DNA fingerprinting, has emerged as a state-ofthe-art method with high discriminating power and sensitivity for forensic DNA analysis and paternity testing. 54 The aims of this study were to investigate the origin of amniotic fluid neutrophils from women with intraamniotic infection and/or inflammation using DNA fingerprinting and to complement these findings with FISH, the conventional method. In addition, placental histopathological examinations were performed and correlated to the origin of amniotic fluid neutrophils.
Materials and Methods

Study population
This was a cross-sectional study of women who underwent transabdominal amniocentesis due to clinical indications or amniocentesis during cesarean delivery. Women were enrolled at Hutzel Women's Hospital of the Detroit Medical Center (April through November 2016). Amniotic fluid samples were acquired by an automatic cell counter (Cellometer Auto 2000; Nexcelom Bioscience, Lawrence, MA) to obtain the viable cell numbers, most of which were WBCs or leukocytes. 13 The inclusion criteria were as follows: (1) singleton pregnancy, (2) amniotic fluid samples without blood contamination, and (3) 
Clinical definitions
Gestational age was determined by the last menstrual period and confirmed by ultrasound examination. The gestational age derived from sonographic fetal biometry was used when the estimation was inconsistent with menstrual dating. Clinical chorioamnionitis was diagnosed by the presence of maternal fever (temperature >37.8 C) accompanied by !2 of the following criteria: (1) uterine tenderness, (2) malodorous vaginal discharge, (3) fetal tachycardia (heart rate >160 beats/min), (4) maternal tachycardia (heart rate >100 beats/min), and (5) maternal leukocytosis (leukocyte count >15,000 cells/mm 3 ). 20, [55] [56] [57] [58] Term delivery was defined as birth !37 weeks of gestation, whereas preterm delivery was defined as birth between 20-36 6/7 weeks of gestation.
Intraamniotic inflammation was diagnosed when the concentration of interleukin (IL)-6 in the amniotic fluid was !2.6 ng/mL. 59 Microbial invasion of the amniotic cavity was defined as a positive amniotic fluid culture. [60] [61] [62] [63] [64] [65] Intraamniotic infection was defined as the presence of microbial invasion of the amniotic cavity with intraamniotic inflammation.
36-39,59,66-76
Sample collection
Amniotic fluid was retrieved by transabdominal amniocentesis under antiseptic conditions using a 22-gauge needle monitored by ultrasound. Amniotic fluid was also retrieved by amniocentesis during cesarean delivery under antiseptic conditions. Amniotic fluid samples were transported in a capped sterile syringe to the clinical laboratory and were cultured for aerobic and anaerobic bacteria as well as for genital mycoplasmas. 8, 73, [77] [78] [79] [80] Shortly after collection, a WBC count was determined in each amniotic fluid sample using a hemocytometer chamber, according to methods previously described. 8 Glucose concentration was also determined 81 and a Gram stain 82 was performed in each amniotic fluid sample. The cultures, WBC count, glucose concentration, and Gram stain were not performed in all of the amniotic fluid samples collected during cesarean delivery since these samples were collected for research purposes only. However, both the IL-6 concentration 13 and the presence of bacteria (bacterial live/dead staining 46,83 ) were assessed in most of the amniotic fluid samples, as previously described.
FACS of amniotic fluid neutrophils
Amniotic fluid samples were passed through a sterile 15- no. 557831). After a washing with 1X PBS, the cells were resuspended in presort buffer (catalog no. 563503; BD Biosciences) at a concentration of 5 Â 10 6 cells/mL. Amniotic fluid neutrophils (CD15 þ CD14 e cells) were purified using a BD FACSAria cell sorter (BD Biosciences) and BD FACSDiva 6.0 software (BD Biosciences). The purity of amniotic fluid neutrophils ranged from 92-99% ( Figure 1 ). The purified neutrophils were then resuspended in RLT buffer (Qiagen, Germantown, MD) and stored at e80 C until use.
Imaging flow cytometry of amniotic fluid neutrophils
Amniotic fluid samples were passed through a sterile 15- ajog.org
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488, and 642 nm. Acquired images were analyzed using the IDEALS 6.2 software (Amnis).
DNA fingerprinting
Genomic DNA was isolated from FACSpurified amniotic fluid neutrophils (n ¼ 16) using an AllPrep DNA/RNA Mini Kit (Qiagen), following the manufacturer's instructions. Fetal or maternal genomic DNA was isolated from frozen samples of either umbilical cord or maternal blood (buffy coat) using a DNeasy Blood and Tissue Kit (Qiagen), according to the manufacturer's instructions. DNA concentration and purity were assessed with the NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE). DNA samples were submitted for DNA fingerprinting to Genetica DNA Laboratories, a LabCorp brand (Burlington, NC). Briefly, analytical procedures for polymerase chain reaction and capillary electrophoresis were performed on a 3130xl genetic analyzer (Applied Biosystems, Foster City, CA). The 13 core CODIS STR loci plus PENTA E and PENTA D, and the genderdetermining locus, amelogenin, were analyzed using the commercially available PowerPlex 16HS amplification kit (Promega Corp, Madison, WI) and GeneMapper ID v3.2.1 software (Applied Biosystems). Appropriate positive and negative controls were concurrently used throughout the analysis. The interpretation of the DNA profile of each sample was performed by geneticists from LabCorp and returned as a written report. The reported sensitivity for this method was between 2-5%. A cut-off of 82% was used to establish the predominant origin of amniotic fluid neutrophils. This cut-off was based on the sensitivity of the FISH assay, which ranges from 82-99%. 49, [84] [85] [86] This allowed us to compare the DNA fingerprinting data herein with previously published FISH results. 49 Next, cytospin slides of amniotic fluid leukocytes were prepared onto Fisherbrand Superfrost microscope slides (Thermo Fisher Scientific) using a Shandon Cytospin 3 cytocentrifuge (Thermo Fisher Scientific) at 800 rpm for 5 minutes. Cytospin slides of amniotic fluid leukocytes were then fixed with 4% paraformaldehyde, washed with 1X PBS, dehydrated in graded ethanol at 30%, 60%, 80%, 95%, and 100% (Sigma) for 2 minutes each, and air-dried. Lastly, the slides were stored at e80 C until use. FISH was performed using the TissueFISH Pretreatment Kit (catalog no. D-0905-025-TF; MetaSystems, Altlussheim, Germany), following the manufacturer's instructions. A DNA probe mix of repetitive sequences specific for the chromosome X centromeric region (green) and chromosome Y centromeric region (orange) was used (XCyting Centromere Enumeration Probe, catalog no. D-0825-050-OG; MetaSystems). Briefly, the frozen slides were warmed to room temperature, washed with UltraPure DNase/RNase-free distilled water (Thermo Fisher Scientific) for 1 minute, and washed with 2XSSC solution (300 mmol/L sodium chloride and 30 mmol/ L sodium citrate, pH 7.0) for 1 minute. The slides were then pretreated with 1X pretreatment buffer at 96 C for 10 minutes, 2XSSC solution at room temperature for 5 minutes, and protease solution at room temperature for 5 minutes. The slides were rinsed with 2XSSC solution and dehydrated with 100% ethanol for 2 minutes. Next, 7 mL of the DNA probe mix were added directly to the slide and an 18 Â 18 mm 2 coverslip was placed on top of the slide and sealed with rubber cement (catalog no. 11FIXO0125; MP Biomedicals, Santa Ana, CA). The slides were then heated at 75 C for 5 minutes on a heat block to denature the probes/DNA and incubated at 37 C overnight in a HybEZ oven (Advanced Cell Diagnostics, Hayward, CA). The next day, the slides were removed from the oven, the rubber cement was removed using forceps, and the coverslips were removed by rinsing 
FISH of amniotic fluid neutrophils
Placental histopathological examination
Sampling of the placentas was conducted according to protocols established by the Perinatology Research Branch. Five-mmthick sections of formalin-fixed, paraffin-embedded tissue specimens were cut and mounted on SuperFrost Plus microscope slides (Erie Scientific LLC, Portsmouth, NH). After deparaffinization, slides were rehydrated and stained with hematoxylin-eosin. A minimum of 5 full-thickness sections of chorionic plate, 3 sections of umbilical cord, and 3 chorioamniotic membrane rolls from each case were examined by a placental pathologist (S.M.J.), who was blinded to the clinical histories and additional testing results. Acute inflammatory lesions of the placenta (maternal inflammatory response and fetal inflammatory response) were diagnosed according to established criteria, including staging and grading. [87] [88] [89] [90] [91] For more information about the staging and grading of the acute inflammatory lesions of the placenta, please refer to placental histology reviews. 87, 88, 91 Results Clinical characteristics of the study population Table 1) . Most of the amniotic fluid samples had a low glucose concentration (<14 mg/dL) ( Table 1) . Five of the women were diagnosed with clinical chorioamnionitis (Table 1) . One woman underwent 2 amniocenteses: the first during pregnancy and the second during cesarean delivery (Table 1 ; samples 15 and 16). The most common microorganisms found in these amniotic fluid samples were U urealyticum and Mycoplasma hominis followed by Prevotella species (Table 1) .
FACS and imaging flow cytometry of amniotic fluid neutrophils
All of the amniotic fluid samples had a large population of neutrophils, which were identified by flow cytometry. Figure 1 , A-C, represents the gating strategy used to identify amniotic fluid leukocytes, including neutrophils and monocytes, before and after cell sorting. Before cell sorting, total leukocytes were identified using the forward-side scatter (cell size) and side scatter (cell granularity) parameters (Figure 1, A) . Neutrophils and monocytes were identified within the total leukocyte population by the expression of CD15 and CD14, respectively (Figure 1,  B) . Amniotic fluid neutrophils were isolated by cell sorting and their purity ranged between 92-99% (Figure 1, C) . Hence, purified amniotic fluid neutrophil suspensions did not contain monocytes (CD14 þ cells) or any other cells present in the amniotic fluid (Figure 1, C) . Figure 1 , D, represents the imaging flow cytometry of amniotic fluid neutrophils. Briefly, the structure of an amniotic fluid neutrophil is shown in bright field, the nucleus is evidenced by DAPI staining, and the identity of a neutrophil is demonstrated by the expression of CD15 and CD45 (Figure 1,  D) . A merged image of DAPI, CD15, and CD45 is also shown in Figure 1 , D.
Amniotic fluid neutrophils in women with intraamniotic infection and/or inflammation can be predominantly of fetal origin DNA fingerprinting revealed that 43% (6/14) of the women who underwent a single amniocentesis had predominantly (83-100%) fetal neutrophils in the amniotic fluid (Table 2 ; samples 1, 2, 5, 10, 12, and 13). In Figure 2 , an example of the DNA fingerprinting of amniotic fluid neutrophils of fetal origin is shown (sample 12). The DNA fingerprinting of the amniotic fluid neutrophils is identical to the DNA fingerprinting of the fetus (Figure 2) . By contrast, the DNA ajog.org
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fingerprinting of amniotic fluid neutrophils differed from the one displayed by the mother (Figure 2) . Most of the amniotic fluid samples in which neutrophils were predominantly of fetal origin were collected from women diagnosed with intraamniotic infection and/or inflammation ( Table 1) . Most of the women who had predominantly amniotic fluid neutrophils of fetal origin at the time of collection delivered extremely preterm neonates (<28 weeks of gestation) ( Table 1) .
Amniotic fluid neutrophils in women with intraamniotic infection/inflammation can be predominantly of maternal origin
DNA fingerprinting revealed that 36% (5/14) of the women who underwent a single amniocentesis had mostly (93-100%) maternal neutrophils in the amniotic fluid (Tables 1 and 2; samples 3, 8,  9 , 11, and 14). In Figure 3 , the DNA fingerprinting of amniotic fluid neutrophils of maternal origin is shown (sample 11). The DNA fingerprinting of the amniotic fluid neutrophils is identical to the DNA fingerprinting of the mother (Figure 3) . By contrast, the DNA fingerprinting of amniotic fluid neutrophils differed from the one displayed by the fetus (Figure 3) .
All of the amniotic fluid samples in which neutrophils were predominantly of maternal origin were collected from women diagnosed with intraamniotic infection/inflammation ( Table 1 ). All of the women who had neutrophils predominantly of maternal origin in the amniotic fluid at the time of collection delivered term (!37 weeks of gestation) or late preterm (34-36 completed weeks of gestation) neonates (Table 1) .
Amniotic fluid neutrophils in women with intraamniotic infection/inflammation can be a mixture of both fetal and maternal neutrophils DNA fingerprinting revealed that 21% (3/14) of the women who underwent a single amniocentesis had an evident mixture of fetal and maternal neutrophils in the amniotic fluid (Table 2 ; samples 4, 6, and 7). In Figure 4 , the DNA fingerprinting of amniotic fluid neutrophils that were an evident mixture of fetal and maternal neutrophils is shown (sample 4). The DNA fingerprinting of the amniotic fluid neutrophils included both fetal and maternal STR alleles; therefore, the DNA fingerprinting of amniotic fluid neutrophils resulted from the combination of the fetal and maternal DNAs (Figure 4) .
All of the women who had an evident mixture of fetal and maternal neutrophils in the amniotic fluid at the time of collection were diagnosed with intraamniotic infection/inflammation ( Table 1) . Two of these women delivered extremely preterm neonates (<28 weeks of gestation), and the third woman delivered a term neonate (!37 weeks of gestation) ( Table 1) .
One woman who underwent 2 amniocenteses had mostly fetal neutrophils in her first amniotic fluid sample (patient 15; sample 15: 860 cells/mm 3 , 98% of neutrophils of fetal origin) (Tables 1  and 2 ). In this sample, the concentration of IL-6 was 73.6 ng/mL, but bacteria were not detected by conventional microbiological techniques or bacterial live/dead staining; therefore, this woman was diagnosed with intraamniotic inflammation (Table 1) . The next day, a second amniotic fluid sample was collected from the same woman (patient 15; sample 16), which had a larger number of leukocytes, and neutrophils were mostly of maternal origin (18,800 cells/mm 3 , 97% of neutrophils of maternal origin) ( Tables 1 and 2 ). In this second sample, the concentration of IL-6 was 47.7 ng/mL and U urealyticum was detected by conventional microbiological techniques and bacterial live/dead DNA fingerprinting of amniotic fluid neutrophils predominantly of fetal origin DNA fingerprinting of purified amniotic fluid neutrophils, the fetus (umbilical cord), and the mother (buffy coat from peripheral blood) is shown in electropherograms. Each electropherogram contains 16 genetic sites: D3S1358, TH01, D21S11, D18S51, PENTA E, D5S818, D13S317, D7S820, D16S539, CSF1PO, PENTA D, X-and Y-specific amalogenin genes, vWA, D8S1179, TPOX, and FGA. Each electropherogram was separated into 3 sections: blue, green, and black. Each color indicates dye used for polymerase chain reaction multiplex: blue represents genes amplified using fluorescein (FL dye), green represents genes amplified using 6-carboxy-4 0 ,5 0 -dichloro-2 0 ,7 0 -dimethoxyfluorescein (JOE dye), and black represents genes amplified using tetramethylrhodamine (TMR dye). Each genetic site has short tandem repeat (STR) alleles, represented by peaks. The number next to/above each peak represents the number of repeats for each STR allele. DNA fingerprinting of amniotic fluid neutrophils is identical to DNA fingerprinting of the fetus. 
Identification of X and Y chromosomes by FISH
Next, we performed FISH in 4 of the amniotic fluid samples from women who delivered male neonates. Figure 5 , A, is a confocal z-stack image of an amniotic fluid sample (sample 10) that includes neutrophils carrying both X and Y chromosomes; therefore, these innate immune cells are of fetal origin. A 3-dimensional reconstruction of these amniotic fluid neutrophils shows that these cells are forming neutrophil extracellular traps (networks of extracellular fibers containing DNA) (Video 1), a mechanism for microbial killing.
46 Figure 5 , B, is a confocal z-stack image of an amniotic fluid sample (sample 8) that includes neutrophils carrying 2 X chromosomes; therefore, these innate immune cells are of maternal origin. A 3-dimensional reconstruction of these amniotic fluid neutrophils is shown in Video 2.
Is there an association between the origin of the amniotic fluid neutrophils and the placental histopathological examination?
Acute histologic fetal and maternal inflammatory responses were observed in most of the cases included in this study.
An example of the acute fetal and maternal histologic inflammatory responses observed in cases with amniotic fluid neutrophils predominantly of fetal origin is shown in Figure 6 , A-D (Table 2; sample 2). Figure 6 , A, shows the acute maternal inflammatory response observed in the chorioamniotic membranes (chorioamniotic membrane roll). This response includes neutrophilic migration into the amniotic connective tissue with degenerating neutrophils and amnion necrosis (ie, necrotizing chorioamnionitis). Figure 6 , B, shows neutrophilic infiltration into the membranes of the chorionic plate: such neutrophils can be either maternal (migrating from the intervillous space) or fetal (migrating from chorionic surface blood vessels). Figure 6 , C, shows fetal neutrophils in the umbilical cord migrating from the umbilical artery into the Wharton's jelly and forming a band (acute umbilical arteritis). A magnification of this neutrophilic infiltration is shown in Figure 6 , D. One of the cases in which amniotic fluid neutrophils were mostly of fetal origin did not present either a maternal or fetal acute inflammatory response in the placental tissues (Table 2; sample 12 ).
An example of the acute histologic maternal and fetal inflammatory responses observed in cases with amniotic fluid neutrophils predominantly of maternal origin is shown in Figure 6 , E-H (Table 2 ; samples 16 and 17). Figure 6 , E, shows an acute maternal inflammatory response in the chorioamniotic membranes (chorioamniotic membrane roll) with neutrophils extending to the amnion. Figure 6 , F, shows acute inflammation in the membranes of the chorionic plate. Figure 6 , G, shows fetal inflammation in the umbilical cord, characterized by the migration of neutrophils from the umbilical artery into the Wharton's jelly (acute umbilical arteritis). A magnification of this neutrophilic infiltration is shown in Figure 6 , H. One of the cases in which amniotic fluid neutrophils were mostly of maternal origin did not present either a maternal or fetal acute inflammatory response in the placental tissues (Table 2 ; sample 11).
In cases for which the amniotic fluid neutrophils were an evident mixture of maternal and fetal neutrophils (Table 2) , the stage and grade of the maternal and fetal inflammatory responses were varied, but it is notable that in 2 cases the maternal inflammatory response was grade 2, while in all 3 cases the fetal inflammatory response was grade 1 ( Table 2 ), suggesting that severe maternal inflammation may explain the presence of maternal neutrophils in the amniotic cavity. Figure 6 , I, shows a severe acute maternal inflammatory DNA fingerprinting of amniotic fluid neutrophils predominantly of maternal origin DNA fingerprinting of purified amniotic fluid neutrophils, the fetus (umbilical cord), and the mother (buffy coat from peripheral blood) is shown in electropherograms. Each electropherogram contains 16 genetic sites: D3S1358, TH01, D21S11, D18S51, PENTA E, D5S818, D13S317, D7S820, D16S539, CSF1PO, PENTA D, X-and Y-specific amalogenin genes, vWA, D8S1179, TPOX, and FGA. Each electropherogram was separated into 3 sections: blue, green, and black. Each color indicates dye used for polymerase chain reaction multiplex: blue represents genes amplified using fluorescein (FL dye), green represents genes amplified using 6-carboxy-4 0 ,5 0 -dichloro-2 0 ,7 0 -dimethoxyfluorescein (JOE dye), and black represents genes amplified using tetramethylrhodamine (TMR dye). Each genetic site has short tandem repeat (STR) alleles, represented by peaks. The number next to/above each peak represents the number of repeats for each STR allele. DNA fingerprinting of amniotic fluid neutrophils is identical to DNA fingerprinting of the mother. Figure 6 , J, shows marked neutrophilic infiltration of the membranes of the chorionic plate. Figure 6 , K, shows a fetal inflammatory response in the umbilical cord in the form of umbilical arteritis. This response is characterized by neutrophilic infiltration of the umbilical artery with some of these cells migrating into the Wharton's jelly (Figure 6, K) . A magnification of this neutrophilic infiltration is shown in Figure 6 , L.
Comment
Principal findings of the study
The principal findings of the study are as follows. First, DNA fingerprinting revealed that 43% (6/14) of the women who underwent a single amniocentesis had predominantly fetal neutrophils in the amniotic fluid. Second, DNA fingerprinting showed that 36% (5/14) of the women who underwent a single amniocentesis had predominantly maternal neutrophils in the amniotic fluid. Third, DNA fingerprinting indicated that 21% (3/14) of the women who underwent a single amniocentesis had an evident mixture of fetal and maternal neutrophils in the amniotic fluid.
Fourth, DNA fingerprinting revealed that one woman who underwent 2 amniocenteses (patient 15) had fetal neutrophils first, and as infection progressed, maternal neutrophils invaded the amniotic cavity. Fifth, FISH confirmed DNA fingerprinting results by showing that both fetal and maternal neutrophils are present in the amniotic fluid. Sixth, most of the women who had amniotic fluid neutrophils predominantly of fetal origin at the time of collection delivered extremely preterm neonates (71% [5/7] ). Seventh, all of the women who had amniotic fluid neutrophils predominantly of maternal origin FIGURE 5 Fluorescence in situ hybridization (FISH) of amniotic fluid neutrophils Amniotic fluid samples from women with intraamniotic infection and/or inflammation who delivered male fetuses were obtained (n ¼ 4). FISH was performed to visualize X (green) and Y (red) chromosomes. Confocal z-stack image of amniotic fluid sample including predominantly A, fetal neutrophils carrying both X and Y chromosomes (white arrows) and B, maternal neutrophils carrying 2 X chromosomes (white arrows). Magnification bars are shown in all cases. Â400 Magnification. DNA fingerprinting of amniotic fluid neutrophils of fetal and maternal origin DNA fingerprinting of purified amniotic fluid neutrophils, the fetus (umbilical cord), and the mother (buffy coat from peripheral blood) is shown in electropherograms. Each electropherogram contains 16 genetic sites: D3S1358, TH01, D21S11, D18S51, PENTA E, D5S818, D13S317, D7S820, D16S539, CSF1PO, PENTA D, X-and Y-specific amalogenin genes, vWA, D8S1179, TPOX, and FGA. Each electropherogram was separated into 3 sections: blue, green, and black. Each color indicates dye used for polymerase chain reaction multiplex: blue represents genes amplified using fluorescein (FL dye), green represents genes amplified using 6-carboxy-4 0 ,5 0 -dichloro-2 0 ,7 0 -dimethoxyfluorescein (JOE dye), and black represents genes amplified using tetramethylrhodamine (TMR dye). Each genetic site has short tandem repeat (STR) alleles, represented by peaks. The number next to/ above each peak represents the number of repeats for each STR allele. DNA fingerprinting of amniotic fluid neutrophils included both fetal and maternal STR alleles; therefore, DNA fingerprinting of amniotic fluid neutrophils resulted from the combination of fetal and maternal DNAs. Placental histopathological examination Histopathological examination of the chorioamniotic membranes, chorionic plate membranes, and umbilical cord obtained from women who had predominantly A-D, fetal; E-H, maternal; or I-L, a mixture of fetal and maternal neutrophils in the amniotic fluid. A, E, and I, Acute maternal inflammatory responses observed in the chorioamniotic membranes. Neutrophilic migration into the amniotic connective tissue (acute chorioamnionitis, black arrows). Epithelial necrosis of the amnion (A, necrotizing chorioamnionitis, black arrow). B, F, and J, Acute inflammatory responses found in the chorionic plate membranes. Neutrophilic infiltration of the chorionic plate membranes (black arrows). C, G, and K, Acute fetal inflammatory responses in the umbilical cord. Neutrophils seem to be migrating from the umbilical artery into the Wharton's jelly (umbilical arteritis, black arrows). D, H, and L, Magnification of neutrophilic infiltration in the Wharton's jelly (black arrows) is also shown. Magnification bars are shown in all cases. ajog.org OBSTETRICS 
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included in this study presented acute maternal and fetal inflammatory responses in the placenta (87% [13/15] ). Collectively, these data show that amniotic fluid neutrophils can either be predominantly of fetal or maternal origin, or a mixture of both fetal and maternal neutrophils, in women with intraamniotic infection and/or inflammation. The findings herein provide evidence that both fetal and maternal neutrophils can invade the amniotic cavity, suggesting that both the fetus and the mother participate in the host defense mechanisms against intraamniotic infection and/or inflammation.
Amniotic fluid neutrophils can be predominantly of fetal origin in women with intraamniotic infection and/or inflammation
The fetal origin of amniotic fluid neutrophils was established when X and Y chromosomes were detected by FISH in the amniotic fluid leukocytes of 4 women with intraamniotic infection who delivered premature male infants. 49 A subsequent study showed that amniotic fluid leukocytes of 4 pregnant macaques that received an intraamniotic infusion of IL-1b, which causes preterm labor/birth, [92] [93] [94] [95] [96] were predominantly of fetal origin. 50 In the current study, DNA fingerprinting revealed that amniotic fluid neutrophils were predominantly of fetal origin when collected from women with preterm gestations. Altogether, this evidence is consistent, indicating that a predominance of fetal neutrophils can be observed in the amniotic cavity of women with intraamniotic infection and/or inflammation in preterm gestation.
In most of the cases for which amniotic fluid neutrophils were mostly of fetal origin, 1 or several bacteria of different genera were found in the amniotic cavity. In some of the cases, however, bacteria were not detectable by conventional microbiological techniques or by live/dead staining, which is able to detect genital mycoplasmas. 46 These data suggest that fetal neutrophils invade the amniotic cavity in response to monomicrobial and polymicrobial infections as well as in the setting of sterile intraamniotic inflammation, an inflammatory process induced by alarmins or danger signals. [36] [37] [38] [39] 68, 97, 98 In either scenario, fetal neutrophils possibly invade the amniotic cavity by migrating from the chorionic plate or from the fetus itself (eg, lung) 49 as none of the cases reported herein presented necrotizing funisitis. Indeed, a previous report implied that neutrophils migrate from the fetal vasculature of the chorionic plate (ie, chorionic vasculitis) into the amniotic cavity, 51 particularly in those cases without acute umbilical phlebitis or arteritis.
One amniotic fluid sample containing predominantly fetal neutrophils did not show maternal or fetal inflammatory responses in the placental tissues. This sample was derived from a woman who had neither intraamniotic infection (negative microbiological culture) nor inflammation (IL-6 <2.6 ng/mL). Yet, the number of leukocytes was elevated in the amniotic fluid (286 viable cells/ mm 3 ), which suggests that a proinflammatory response took place in the amniotic cavity. 13 The fact that there was an elevated number of leukocytes, in the absence of a high concentration of IL-6, can be due to the possibility that the inflammatory process present in the amniotic cavity is mediated by an IL-6-independent pathway. 68 In this particular case, the inflammatory process in the amniotic cavity could be in its early stage since the fetus and the host (the mother) did not elicit severe immune responses in the umbilical cord and the chorioamniotic membranes, respectively.
Amniotic fluid neutrophils can be predominantly of maternal origin in women with intraamniotic infection/inflammation DNA fingerprinting revealed that amniotic fluid neutrophils are predominantly of maternal origin when collected from women in mostly late preterm (>35.6 weeks) and term (!37 weeks) gestations. Interestingly, in all of the cases, U urealyticum was found in the amniotic cavity by conventional microbiological techniques or live/dead staining. This genital mycoplasma was either found to be alone or associated with M hominis, both of which are associated with 126 Taken together, these findings suggest that neutrophils migrate from the maternal vasculature into the amniotic fluid of women with intraamniotic infection/inflammation to participate in the host defense mechanisms against pathogens invading the amniotic cavity.
A woman who was diagnosed with intraamniotic infection had predominantly maternal neutrophils but did not present acute histologic maternal or fetal inflammatory responses in the placental tissues. Such an infection was caused by U urealyticum, detected by conventional microbiological techniques and bacterial live/dead staining. Women with intraamniotic infection associated with this genital mycoplasma presented an infiltration of maternal neutrophils in the amniotic cavity and severe inflammatory responses in the chorioamniotic membranes and chorionic plate membranes. Therefore, it is likely that, in this
Original Research OBSTETRICS ajog.org particular case, acute inflammatory responses were not observed in the placenta because of the heterogeneity of the placental reaction patterns. 89 Interestingly, amniotic fluid neutrophils of maternal origin were observed only during late preterm gestation (>35.6 weeks) and in the presence of bacteria. These findings suggest that the infiltration of maternal neutrophils is observed in the amniotic cavity when persistent infection occurs. Further studies are required to investigate whether the chemokine receptors and ligands expressed by amniotic fluid neutrophils of maternal origin are different from those of fetal origin.
Fetal and maternal neutrophils can be found in the amniotic fluid of women with intraamniotic infection/inflammation DNA fingerprinting, in some cases, showed that the amniotic fluid contains both fetal and maternal neutrophils in women diagnosed with intraamniotic infection/inflammation. The majority of these cases presented grade 2 acute histologic maternal inflammatory responses in the placental tissues, providing further evidence that highgrade maternal inflammatory responses contribute to the abundance of maternal neutrophils in the amniotic cavity. 48 One woman (patient 15) included in this study underwent 2 amniocenteses. The first amniotic fluid sample contained mostly fetal neutrophils but no bacteria, and the second amniotic fluid sample had mostly maternal neutrophils and was positive for U urealyticum. In this case, acute histologic maternal and fetal inflammatory responses (stage 2/ grade 1) were observed in the placental tissues. This observation indicates that in some women infiltration of fetal neutrophils is associated with mild intraamniotic inflammation, and if infection progresses, an invasion of maternal neutrophils into this compartment may be observed.
Strengths and limitations
The current study represents the most extensive examination of the origin of amniotic fluid neutrophils in women having a term or a preterm delivery. This study is the first to utilize DNA fingerprinting, a technology that provides highly discriminating power and sensitivity, 54 to study the origin of amniotic fluid neutrophils. The major finding of the study is that amniotic fluid neutrophils can also be of maternal origin or a mixture of both fetal and maternal neutrophils, a novel finding that extends the current belief that amniotic fluid neutrophils are solely of fetal origin. 49, 50 Limitations of the current crosssectional study are that it does not: (1) allow the establishment of the timing of the fetal and/or maternal inflammatory responses in the amniotic cavity, or (2) permit the characterization of such inflammatory responses based on the severity and progression of the infection.
Conclusion
Neutrophils are the most abundant WBC found in the amniotic cavity of women with intraamniotic infection/ inflammation. 8, 13 Indeed, their number is a useful marker for intraamniotic inflammation. 8 In the current study, we provide DNA fingerprinting evidence indicating that, indeed, amniotic fluid neutrophils can be either predominantly of fetal or maternal origin, or a mixture of both fetal and maternal neutrophils, in women with intraamniotic infection and/or inflammation. These results indicate that both the fetus and the mother can contribute to the mechanisms of host defense against intraamniotic infection. n
